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साराांश 

 

यह अध्ययन 1951 से 2020 तक नेपाल में जलवायु स्थिततय ां और पररवततनशीलता का एक व्यापक 

मूल्ाांकन प्रदान करता है। वातषतक और मौसमी जलवायु तवज्ञान के तवशे्लषण के साथ-साथ सांतित 

वषात, औसत अतिकतम तापमान (टीमैक्स) और नू्यनतम तापमान (टीतमन) के रुझान से महत्वपूणत 

पता िलता है। जााँि - पररणाम। नेपाल में औसत वातषतक वषात 300-2700 तममी/वषत के बीि ह ती है, 

नेपाल के मध्य भाग में लगभग 2700 तममी/वषत ह ती है। तराई के्षत्र में वातषतक औसत टीएमएक्स 24-

28 तिग्री सेस्थियस के बीि है, ज  उच्च ऊां िाई वाले पवततीय के्षत्र के 4-8 तिग्री सेस्थियस है। इसी 

प्रकार, तराई में वातषतक औसत तापमान 14-18°C के बीि ह ता है, जबतक पहाड ां में यह -6 से -10°C 

के बीि ह ता है। मानसून के मौसम में नेपाल के मध्य भाग में िरम वषात (लगभग 500 तममी/मौसम) 

देखी जाती है। इसके अलावा, अध्ययन में प्री-मानसून (1.05 तममी/वषत) के दौरान वषात में 95% 

साांस्थिकीय रूप से महत्वपूणत सकारात्मक प्रवृति और मानसून के बाद (0.01
o
C/वषत) और सतदतय ां 

(0.009
o
C/वषत) के साथ-साथ Tmin की पहिान की गई है। प्री-मॉनसून (0.01

o
C/वषत), मानसून 

(0.01
o
C/वषत), प स्ट-मानसून (0.02

o
C/वषत) और सदी (0.02

o
C/वषत) सतहत सभी मौसम ां के तलए। 

इसके तवपरीत, मानसून के मौसम के दौरान वषात में 95% साांस्थिकीय रूप से महत्वपूणत नकारात्मक 

प्रवृति देखी जाती है (-1.05 तममी/वषत)। यह श ि नेपाल में जलवायु गततशीलता की हमारी समझ में 

महत्वपूणत य गदान देता है, ज  के्षत्र में जलवायु पररवततन के आकलन के तलए मूल्वान अांतर्दतति प्रदान 

करता है। 

 

Abstract 

 
This study provides a comprehensive assessment of climate conditions and variability over Nepal, 

spanning the years 1951 to 2020. Analysis of annual and seasonal climatology, along with trends in 

accumulated precipitation, mean maximum temperature (Tmax) and minimum temperature (Tmin), 

reveals significant findings. Mean annual precipitation over Nepal ranges from 300-2700 mm/year, peaks 

at around 2700 mm/year over the central part of Nepal. Annual mean Tmax in the Terai region ranges 

from 24-28°C, contrasting with the high-altitude mountain region's 4-8°C. Similarly, annual mean Tmin 

in the Terai varies from 14-18°C, while in the mountains, it ranges between -6 to -10°C. Monsoon season 

witnesses peak precipitation (around 500 mm/season) in the central part of Nepal, alongside Tmax and 

Tmin peaks in mountain and Terai regions, respectively. Furthermore, the study identifies a 95% 

statistically significant positive trend in precipitation during the pre-monsoon (1.05mm/year) and Tmax 

during post-monsoon (0.01
o
C/year) and winter (0.009

o
C/year), as well as Tmin for all seasons, including 

pre-monsoon (0.01
o
C/year), monsoon (0.01

o
C/year), post-monsoon (0.02

o
C/year) and winter 

(0.02
o
C/year). Conversely, a 95% statistically significant negative trend is observed in precipitation 

during the monsoon season (-1.05mm/year). This research significantly contributes to our understanding 

of climate dynamics in Nepal, offering valuable insights for climate change assessments in the region. 



6 
 

1. Introduction: 

Nepal, a landlocked country in South Asia, is situated in the Himalayas between India 

and China. The geography is predominantly mountainous, featuring some of the world's highest 

peaks, including the renowned Mount Everest standing at 8,848 meters. While the northern 

region is characterized by challenging terrains and high altitudes, the southern part of the country 

consists of low-lying areas with elevations below 100 meters. The climate in Nepal exhibits 

significant variation based on Mean Sea Level (MSL) altitude. The lower regions of the country 

are predominantly characterized by a humid and warm climate, while the mountainous areas 

experience colder temperatures and lower humidity levels (Robinson and Henderson-Sellers, 

1999). 

As of 2019, Nepal is home to approximately 28 million people, with about 80% residing 

in rural areas. Despite its predominantly agrarian economy, with small-scale subsistence 

agriculture employing nearly 69% of the workforce in 2015, the contribution of agriculture to the 

Gross Domestic Product (GDP) was only 25% in 2019 (World bank, 2020). The impact of 

climate change on rice production and productivity is a critical concern, particularly with regards 

to rising temperatures and changing precipitation patterns. Karn (2014) described a 5.2% drop in 

rice yield relative to current production levels. This underscores the vulnerability of rice 

cultivation in the face of changing climate conditions and emphasizes the need for adaptive 

strategies, resilient crop varieties, and sustainable agricultural practices to mitigate the adverse 

impacts on food production. Efforts to address climate change impacts on agriculture are 

essential to ensuring food security and the livelihoods of communities dependent on rice 

cultivation. In Nepal, there is average rise of temperature by 0.06
o
C per year. The rise from 1975 

to 2006 is nearly at 1.8
o
C (Malla, 2008).  

This study aims to conduct a thorough analysis of climate conditions from 1951 to 

2020 in Nepal, emphasizing both spatial and temporal trends and variations. This analysis will 

specifically focus on annual and seasonal climatic patterns, including accumulated 

precipitation, mean Tmax and mean Tmin. The intention is to provide valuable insights and 

data that enhance our understanding of climate dynamics over Nepal. This information will 

not only contribute to broader climate change assessments but will also aid in the 
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development of effective mitigation strategies for the region. The primary objective is to 

generate new knowledge that significantly contributes to the scientific understanding of 

climate variability, trends, and impacts in Nepal, thereby advancing the body of research in 

the field of climate science. 

 As part of the NCMRWF BCWC project, the aim is to draft a report aimed at 

generating climate information system for the BCWC countries, which include Bangladesh, 

Bhutan, India, Myanmar, Nepal, Sri Lanka, and Thailand. The initial focus lies on conducting 

a preliminary assessment of Nepal's climate using CRU observation data. Subsequently, the 

plan involves conducting a more extensive analysis by integrating additional sources of 

observational data and reanalysis data and also investigating the impact of teleconnections on 

the climate conditions over the region. 

 

2. Data and Methodology: 

This work is carried out using 0.5
o
x0.5

o
 gridded Climate Research Unit (CRU) 

monthly data, (https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_4.07), which includes a 

precipitation, Tmax and Tmin. The CRU data is based on a network of weather stations 

worldwide, providing a reliable and consistent record for climate research.  The analysis in 

this study focuses on the monthly, seasonal, and annual variations of mean and trends of 

temperature and precipitation across Nepal from 1951 to 2020. 

a. Mean Analysis: 

This study examines spatial patterns in mean climate variables to delineate regional 

averages and trends. Maps were generated to depict the mean distribution of essential climate 

parameters, including temperature and precipitation, spanning the study period from 1951 to 

2020. The spatial plots highlight areas with distinct mean values, aiding in the identification 

of regional climatic variations. 

b. Trend Analysis: 

  The study utilized spatial plots to assess the temporal trends in climate variables. 

These plots provide a visual depiction of the direction and amplitude of changes in 

precipitation, Tmax and Tmin over Nepal. To quantify the rate of change for each grid cell, 

robust statistical techniques, including non-parametric tests, the Mann–Kendall test, and the 

Thiel–Sen slope test, were applied to generate trend maps. These maps serve as valuable tools 

https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_4.07
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in identifying regions undergoing significant positive and negative trends, thereby 

contributing crucial insights to climate change assessments. In addition to spatial analyses, 

time series trend analysis plays a crucial role in determining and quantifying the magnitude of 

trends in climate time series data. Notably, the World Meteorological Organization (WMO) 

recommends the Thiel–Sen slope method for assessing trends in environmental data time 

series (Rustum et al, 2017). 

 

3. Results and discussion: 

 

Figure 1 depicts the annual variations in accumulated precipitation (a), mean Tmax (b), 

and mean Tmin (c) over Nepal spanning the period from 1951 to 2020. Figure 1(a) highlights a 

significant contrast in maximum precipitation between the Terai region, situated near the Indian 

border, and the hilly regions. The Terai consistently records higher maximum precipitation 

compared to the hilly areas, with the central and eastern parts of Nepal experiencing the highest 

annual precipitation, reaching around 2700 mm/year, in comparison to other regions. 

 

The annual mean Tmax over the Terai region ranges between 24-28°C. Notably, there is 

a consistent and monotonic decrease in temperature with increasing altitude, reaching as low as 

4-8°C, as illustrated in Figure 1(b). This temperature gradient is indicative of a decline in 

temperatures as elevation increases. Similar patterns are observed in the mean Tmin, with peak 

values ranging from 14-18°C and minimum temperatures reaching around -6 to -10°C which is 

shown in Figure 1(c). This pattern signifies a clear relationship between temperature and altitude, 

further contributing to the understanding of Nepal's climatic variations. 
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Figure 1: Annual variations in yearly accumulated precipitation (a), mean Tmax (b), and mean 

Tmin (c) over Nepal for the period 1951-2020. 

(a) 

(b) 

(c) 
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Figure 2 illustrates the seasonal variation (winter, i.e., December, January, and February 

(DJF); pre-monsoon, i.e., March, April, and May (MAM); Monsoon, i.e., June, July, and August 

(JJA); and post-monsoon, i.e., September, October, and November (SON)) ( Adhikari and 

Mathema, 2023) in accumulated precipitation (a-d), mean Tmax (e-h), and mean Tmin (i-l) 

across Nepal spanning the period from 1951 to 2020.  From Figure 2(a), it is evident that the 

lowest precipitation occurs during the winter season, averaging around 100 mm/season, and 

approximately 150 mm/season during the pre-monsoon period, as depicted in Figure 2(b). On the 

other hand, the monsoon season receives the maximum precipitation, reaching around 500 

mm/season in the central and eastern parts of Nepal, as illustrated in Figure 2(c). During the 

post-monsoon season, Nepal receives approximately 200 mm/season, as shown in Figure 2(d). 

These findings align with the results presented in Figure 1(a). Central Nepal experiences 

maximum precipitation because this region is influenced by its distinctive topographical features. 

Dhar and Nandargi (2005) attribute this high precipitation to significant orographic variations 

occurring over short distances, facilitating the swift ascent and condensation of moist air. The 

northwestern part receives a lower amount of rainfall, possibly attributed to its location in a rain 

shadow region, a consequence of the presence of high-altitude mountains (Dhar and Nandargi, 

2002).  

 Figure 2 (e-h) illustrates the seasonal variation of Tmax, revealing a consistent pattern 

where high-altitude regions consistently demonstrate cooler temperatures compared to low-

altitude areas across all seasons. The winter season records the lowest temperatures, dropping 

below 0°C in hilly regions and ranging between 20-24°C in the Terai region shown in Figure 

2(e). On the other hand, the monsoon season witnesses the highest temperatures, peaking at 

approximately 12-16°C in hilly areas and 32-36°C in the Terai region, as depicted in Figure 2(g). 

Similar patterns are observed in the seasonal mean Tmin. In the Terai region maximum 

temperatures in winter 5-10°C, pre-monsoon 15-20°C, monsoon 20-25°C and again 15-20°C in 

post-monsoon season. The minimum temperature over  the mountain regions are below -10°C in 

winter, 4-8°C during the pre-monsoon season, 5-10°C during the monsoon season, and 0 to -

10°C during the post-monsoon season as shown in Figure 2(i-l) respectively. This pattern 

signifies a clear relationship between temperature and altitude. 
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Figure 2: Seasonal variation of accumulated precipitation (a-d), mean Tmax (e-h) and mean 

Tmin (i-l) over Nepal for the period 1951-2020. 

 (a)  (b) 

 (c)  (d) 

 (e)  (f) 

 (g)  (h) 

 (i)  (j) 

 (k)  (l) 
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Figure 3 depicts the 95% statistically significant seasonal trends per decade across all 

seasons. In Figure 3(a), a noteworthy positive trend of 95% significance per decade in winter 

season precipitation is evident over the mountainous region of central Nepal. This phenomenon 

may be attributed to increasing temperature trends at higher altitudes, potentially influencing 

permafrost distribution, resulting in reduced snowfall and increased rainfall (Fort, 2014). The 

pre-monsoon season also exhibits a positive trend, aligning with the findings of Karki et al. 

(2017) and Sigdel et al. (2022), suggesting an augmentation of intense thunderstorms in the 

region shown in Figure 3(b). Conversely, a negative trend per decade is observed in the monsoon 

and post-monsoon seasons over the northwestern part of Nepal, as depicted in Figure 3(c) & 3(d) 

respectively. This could be attributed to the complex topography of the region, characterized by 

drastic elevation changes, where precipitation is locally determined. Factors such as mountain 

shape, relief, and land cover play a role in precipitation variations, and the deep valleys in this 

area establish their own wind systems, contributing to diverse precipitation patterns (You et al, 

2015; Chen et al, 2018). Further research is warranted to identify key factors influencing 

precipitation distribution in regions with complex topography. 

 

Figure 3(e) displays a notable positive trend in the central region of Nepal during the 

winter season, which corresponds with the conclusions drawn by Konchar et al. (2015). In 

contrast, no significant trend is observed during the pre-monsoon season, as indicated in Figure 

3(f). However, both the monsoon and post-monsoon seasons show a significant positive trend 

across the eastern region and the entirety of Nepal, as depicted in Figure 3(g) & 3(h) 

respectively. Additionally, Figure 3(i-l) illustrates a significant positive trend in Tmin across 

Nepal for all seasons. 
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Figure 3: Spatial trends per decade for precipitation (a-d), Tmax (e-h) and Tmin (i-l) over Nepal 

during the period from 1951 to 2020. The black dot represents the significance at a 95% 

confidence level. 

 

 
  (d) 

 (a)  (b) 

 (c)  (d) 

 (e)  (f) 

 (g)  (h) 

 (i)  (j) 

 (k)  (l) 
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Figure 4 presents the monthly timeseries and trends in precipitation averaged over Nepal 

from 1951 to 2020. Notably, the statistical analysis reveals a 95% significant positive trend in 

precipitation for April, May and December, while August exhibits a negative trend. The findings 

suggest a consistent increase in precipitation during the pre-monsoon season from 1951 to 2020, 

aligning with similar conclusions reported by Karki et al. (2017) and Sigdel et al. (2022). 

Additionally, a decrease in precipitation during the monsoon season, as documented by You et 

al. (2015) and Chen et al. (2018), corresponds with the results presented in Figure 3(a-d). These 

collective findings contribute to a comprehensive understanding of Nepal's changing 

precipitation patterns over the specified period.  

 

Fig: 4 Monthly variation of the trend of precipitation over Nepal for the year 1951-2020 
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Figure 5 illustrates the monthly time series and trends in Tmax averaged over Nepal 

spanning the years 1951 to 2020. Notably, the statistical analysis indicates a 95% significant 

positive trend in Tmax for the months of August to December, whereas no significant trend is 

observed for January to July. This figure highlights a monotonically increasing Tmax trend 

during the post-monsoon season in Nepal. A similar result was also found in Figure 3(e-h). 

 

Fig: 5 Monthly variation of trend of Tmax over Nepal for the year 1951-2020 

 

Figure 6 displays the monthly Tmin trends observed throughout Nepal from 1951 to 

2020. Notably, the statistical analysis reveals a significant 95% positive trend in Tmin for all 

months across the years. This figure underscores a consistent and monotonically increasing Tmin 

trend throughout the year in Nepal. Similar results are also evident in Figure 3(i-l).   
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Fig: 6 Monthly variation of the trend of Tmin over Nepal for the year 1951-2020 
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4. Summary and conclusion: 

 
The study concentrated on evaluating climate conditions and climate change over Nepal, 

examining annual and seasonal climatology, seasonal and monthly trends in accumulated 

precipitation, and mean Tmax and Tmin from 1951 to 2020. 

1. Climatological findings indicate that the mean annual precipitation over Nepal ranges 

from 300-2700 mm/year. The peak amounts of around 2700 mm/year can be seen over 

central part of Nepal. 

2. Annual mean Tmax in the low-altitude Terai region ranges between 24-28°C, while in the 

high-altitude mountain region, it varies between 4-8°C. 

3. Annual mean Tmin in the Terai region ranges between 14-18°C, while in the high-

altitude mountain region, it fluctuates between -6 to -10°C. 

4. The central part of Nepal experiences maximum precipitation, reaching around 500 

mm/season, during the monsoon. 

5. During the monsoon season, Tmax reaches its peak, approximately 12-16°C in mountain 

areas and 32-36°C in the Terai region. 

6. The winter season records the lowest Tmax temperatures, dropping below 0°C in 

mountain regions and ranging between 20-24°C in the Terai region. 

7. Monsoon season witnesses the highest Tmin temperatures, peaking at approximately 4-

8°C in mountain areas and 20-25°C in the Terai region. 

8. Winter season records the lowest Tmin temperatures, dropping below -10°C in mountain 

regions and ranging between 5-10°C in the Terai region. 

9. Nepal experienced a statistically significant 95% positive trend of 1.05mm/year in 

precipitation during the pre-monsoon and a negative trend of -1.05mm/year during the 

monsoon season. 

10. There is also a statistically significant 95% positive trend in Tmax during post-monsoon 

(0.01
o
C/year) and winter (0.009

 o
C/year), as well as Tmin for all seasons like 

MAM(0.01
o
C/year), JJA(0.01

o
C/year),SON(0.02

o
C/year) and DJF(0.02

 o
C/year) 

 

In conclusion, the study reveals a statistically significant increasing trend in precipitation during 

the pre-monsoon, Tmax in winter and post-monsoon, and Tmin for all seasons. Conversely, a 

significant decreasing trend in precipitation was observed during the monsoon season.  
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This study will be extended in future with detailed investigation of trends using IMDAA regional 

reanalysis data and to study the teleconnections affecting the weather and climate over Nepal.  
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Figure: This figure displays the seasonal variation of 95% statistically significant linear trends 

for precipitation, Tmax and Tmin across Nepal during the period from 1951 to 2020. 


